A b s t r a c t I In nt tr ro od du uc ct ti io on n: : During lactation abundant calcium is lost from the mother as a result of the amount of breast milk produced. Lactation leads to transient fragility, with some women experiencing even fragility fractures, but nearly all of these women subsequently undergo a large increase in bone mineral density (BMD), confirming that the BMD must have declined during lactation but it increases after weaning. We have retrospectively examined the relationship between the duration of breastfeeding and bone properties in Spanish premenopausal healthy women, to identify the site-specific changes in BMD. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : Four hundred and thirty-three premenopausal healthy women, 295 with a mean of 7.82 ±6.68 months of exclusive breastfeeding and 138 control women, were studied. We examined total, trabecular and cortical volumetric BMD (mg/mm 3 ) at the distal radius using peripheral quantitative computed tomography. Areal BMD (g/cm 2 ) was measured using dual energy X-ray absorptiometry at the femoral neck, lumbar spine, trochanter and Ward's triangle. Phalangeal bone ultrasound was measured by amplitude-dependent speed of sound. R Re es su ul lt ts s: : Areal BMD analysis at L2-L4 revealed significant intergroup differences (p < 0.05). There were significant intergroup differences in the volumetric BMD in both total and cortical bone (p < 0.05). The observed BMD of breast-feeders was higher than the BMD in non-breast-feeding women. Additionally, the lactation subgroup analysis revealed significant differences in the areal BMD at trochanter and L2-L4 (p < 0.05) and in the cortical volumetric BMD (p < 0.05). C Co on nc cl lu us si io on ns s: : This study adds to the growing evidence that breastfeeding has no deleterious effects and may confer an additional advantage for BMD in premenopausal women.
Introduction
Many factors influence bone mineral density (BMD). One important determinant of BMD is calcium dynamics. Marked changes in calcium metabolism are reported during lactation, and abundant calcium is lost from the mother as a result of the amount of breast milk produced, diet and the duration of lactation [1] [2] [3] . These phenomena suggest that BMD might change during pregnancy and after parturition. Longitudinal and observational studies have addressed the question of whether BMD is affected during lactation and have well established that BMD declines C Co or rr re es sp po on nd di in ng g a au ut th ho or r: : Juan Diego PedreraZaramorano MD, PhD Facultad de Enfermeria y Terapia Ocupacional Avd. Universidad s/n 10003 Cáceres, Spain Phone: +34 927 257450 Fax: +34 927257451 E-mail: jpedrera@unex.es 5-10% during lactation [4] with greater losses from trabecular than cortical bone, and greater losses from axial than appendicular sites [5] [6] [7] [8] [9] [10] [11] [12] . In fact although lactation leads to transient fragility, with some women experiencing fragility fractures during lactation, nearly all of these women subsequently undergo a large increase in BMD, confirming that the BMD must have declined during lactation and that it increases after weaning [13] [14] [15] .
Other studies have followed women after weaning to determine how quickly and fully the BMD is recovered, and it appears from the available data that recovery is complete but the speed of recovery may vary by skeletal site [16] .
A number of retrospective cohort and ecological studies (none in Spain), like this one, which examine years later whether recalled months of lactation affect BMD at the time of assessment, have been done in premenopausal women, while others have been done in postmenopausal women [2, 17] . The conclusion from these studies is that a history of lactation, or months of recalled lactation, confers a neutral or beneficial effect on BMD, fractures, or diagnosis of osteoporosis.
Very few studies suggest that lactation confers long-term harm on the skeleton [2, 18] , and now it has been well established that parity and lactation are not risk factors for low BMD or osteoporosis in the long term; instead, both may have a protective effect because of the structural rebuilding that occurs after weaning [2, 19] .
This study retrospectively examined the relationship between the duration of breastfeeding and bone properties in 433 premenopausal Spanish healthy women, 295 with a mean of 7.82 ±6.68 months of exclusive breastfeeding and 138 control women, to identify the site-specific changes in BMD and examine the effects of breastfeeding on BMD.
Material and methods
The subjects were 433 healthy premenopausal women aged 18-53 years. Of these subjects, 295 women reported exclusive breastfeeding; it was expressed as the total months of exclusive breastfeeding (giving an infant no food or liquid other than breast milk). Hence, this information represents the cumulative total duration of lactation experienced by the mother throughout her reproductive life. The mean age (SD) of the breastfeeding group was 44.0 (4.7) years, and 138 women were controls (both nulliparous and non-breastfeeders), with a mean age (SD) of 39.9 (8.2) years. Densitometric characteristics of the control group women including the non-breastfeeding women (88 nulliparous women and 50 parity women) are shown in Table I . Because a statistically significant difference in BMD between these two groups was not found, except borderline statistical differences in the trabecular vBMD between nulliparous and parity (1-3) (p = 0.0576), it was decided that "this allows us to use this group as a control of nonbreastfeeding women". All of the premenopausal women's histories indicated current and prior menstrual regularity (11-13 cycles/year). Participants were recruited in a clinical convenience sample. All of the subjects were located in the health district of the province of Caceres (Spain) and had visited the hospital's rheumatology department to assess the risk of osteoporotic fracture. Fully informed consent was obtained in accordance with institutional guidelines, and the study was conducted in accordance with the provisions of the Declaration of Helsinki. The Office for Protection against Research Risks of the University of Extremadura approved the study.
Before the candidates were enrolled in the study, a complete medical history was taken and a physical examination was performed. Nutrient intake was quantified using dietary scales, measuring cups and spoons, as we have described elsewhere, based on 7 days of dietary records [20] . In all cases, the calcium level was corrected for proteins. The study subjects were not taking medication and had no diseases, including those associated with abnormalities in mineral metabolism (diabetes mellitus, liver disease, renal osteodystrophy, or parathyroid, thyroid, adrenal, or ovarian disease) that could interfere with calcium metabolism. All subjects led active lives, but none practiced recreational or professional sports. Baseline characteristics included age, height, weight, parity and total lactation period. The total lactation period was recorded after a detailed interview with T Ta ab bl le e I I. . Densitometric characteristics of the control group based on parity each participant concerning her lactation history. We examined volumetric BMD at the distal radius using peripheral quantitative computed tomography (pQCT) (XCT 2000, Stratec Medizintechnik, Pforzheim, Germany). Total trabecular volumetric and cortical BMD (vBMD) (mg/mm 3 ) were measured at the distal radius. Areal BMD (g/cm 2 ) (aBMD) was measured using dual energy X-ray absorptiometry (DXA) (XR-800, Norland Medical Systems Inc., Cooper Surgical, EEUU) at the femoral neck (FN), lumbar spine (L2-L4), trochanter (TR) and Ward's triangle (WT). Phalangeal bone ultrasound was measured by amplitude-dependent speed of sound (Ad-SoS) (DBM Sonic 1200, Carpi, Italy).
Our rationale was to ensure the greatest possible homogeneity in identified breastfeeding subgroups. Subgroup determination was based on a clustering approach. Cumulative lactation data were first classified using parallel hierarchical clustering and a k-means model. Based on this model, 4 subgroups were obtained: non-breast-feeders (n = 138) and subjects with 1-10 months (5.20 ±2.58 months; n = 235), 11-25 months (16.00 ±3.95 months; n = 54) and 26-54 months (37.0 ±9.2 months; n = 6) of cumulative lactation.
S St ta at ti is st ti ic ca al l a an na al ly ys si is s Subgroup comparisons were made using a 1-way ANOVA and Fisher's protected least significant difference (PLSD) with a 95% confidence level. Intergroup comparisons were made using the MannWhitney U-test. Value of p below 0.05 was considered significant. All values were given as mean ± standard deviation (SD). Odds ratios (OR) for fracture risk and 95% confidence intervals are presented. The SPSS version 12.0 statistical package was used. Table II presents the baseline characteristics and reproductive history, including parity (as the number of times a participant has come to term and delivered a baby) and gravidity (as the number of times a participant has been pregnant, regardless of whether she gave birth or not), for each group. There were no differences among the two groups in weight or menarcheal age. There were also no differences in the intake of calcium (Ca), protein (Pr), phosphorous (P), kilocalories (Kcal), and Ca/Pr and Ca/P intergroup ratios. The breastfeeding group had a higher age than the non-breast-feeders (p < 0.0001). Differences were found in parity, gravidity, height and body mass index (BMI). There were no statistically significant differences between breast-feeders and non-breast-feeders for the aBMD values measured at FN, TR and WT and the quantitative bone ultrasound measured at the phalanges (p > 0.05 in all) (Table II) . Furthermore, there were no intergroup differences in the trabecular vBMD (p > 0.05) (Table II) . Areal BMD analysis at L2-L4 revealed significant intergroup differences (Table II) . There were also significant intergroup differences in the vBMD in both total and cortical bone (Table II) . In both situations, the BMD of women with a lactation history was higher than the BMD in non-breast-feeding women.
Results
The lactation subgroup analysis revealed significant differences in the aBMD at TR and L2-L4 (p < 0.05) and in the cortical vBMD (p < 0.05) (Figure 1) .
Nine of the participants reported a personal history of fracture (2 in the non-breastfeeding group and 7 in the 1-10 months group) (OR = 2.0877 (0.4275-10.1945)). Breast-feeders did not have a history of fracture, which was statistically significantly different (p = 0.7362).
Discussion
This is a retrospective study of the possible association between lactation history and BMD in the long term in Spanish women. We found that premenopausal women with a lactation history had higher BMD at the lumbar spine and higher vBMD, both total and cortical, than non-breast-feeding women. After clustering cumulative lactation, we found differences in the aBMD at the trochanter. Our results are thus confirmatory of much larger epidemiological studies which have examined whether a history of lactation affects BMD or fracture risk later in life, and we obtained similar results [21] [22] [23] .
Additionally, we observed an increase in the cortical bone measured at the radius. Our results suggest that the effect of lactation on BMD may vary from site to site, confirming that in the long term the recovery is complete, but the speed of recovery may vary by skeletal site.
Age is an important determinant of BMD. Age adjustment is necessary to investigate the relationship between lactation and BMD [24] . Surprisingly, the mean age in the breast-feeding group was significantly higher than the mean age in the nonbreast-feeding group. Thus, although it is possible that the effect of lactation on BMD might be masked by more pronounced determinants of BMD, such as age or diet, we observed a significant difference between groups, confirming that the skeleton becomes stronger afterwards. Increased bone mineral density is associated with breastfeeding history in premenopausal Spanish women Unfortunately, we had only dietary data at the time of the study, and we found no changes be tween groups. However, it is possible that subjects' diets had changed between pregnancy and lactation.
Thus, the finding that there were significant differences in BMD between women with a lactation history and the control group may be explained by the following factors.
First, decreased BMD during lactation returns to almost normal and is completely restored in the medium to long term [25, 26] . Second, many factors affect BMD, but these factors do not always have a general influence on BMD throughout all stages of the life cycle. The lactation period is shorter than a woman's life span. Third, the mobilization of skeletal calcium reserves required to provide calcium to milk are expected to be more from trabecular than cortical bone [25] . Since lactating women should lose from both trabecular and cortical sites while nulliparous or bottle feeding women do not (at least to a similar extent), the higher BMD after lactation observed might mean that more bone was formed after lactation than what was lost during it.
The following have been identified as limitations of this study. We consider that the effect of a lactation history on BMD may be masked by more pronounced determinants of BMD, such as aging, change in diet, change in body size, change in physical activity and other factors. This possibility must be emphasized. Some factors associated with shortterm breast feeding, formula-feeding or nulliparity may also be related to BMD. These factors may include ovarian dysfunction resulting in infertility, malnutrition associated with poor milk secretion and smoking resulting in poor milk secretion. We also did not record the age of first pregnancy, number of years since last breastfeeding or the length of time between pregnancies (and breastfeeding). Unfortunately, we could not investigate these histories in the enrolled subjects. We did not examine lactation as we performed the study in the postweaning period. Our study is retrospective and subject to recall bias so we do not have a way to determine how accurate the recalled duration of breastfeeding was.
In conclusion, our study adds to the growing evidence that breastfeeding has no deleterious effects and may confer an additional advantage for BMD in premenopausal women. Further research is required to determine whether lactation is associated with increases in BMD, particularly at the lumbar spine and cortical bone, and to determine why women differ in their skeletal response to lactation.
